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FOREWORD

This report was prepared at Southwest Research Institute under
USAF Contract AF 33(616)-7223. The contract was initiated under Project
No. 3044, "Aerospace Lubricants," Task No. 304401, "Turbojet Engine
Lubricants, " and Task No. 334402, "Missile and Space Vehicle Propulsion
Lubricants. " The work was administered by the Nonmetallic Materials
Laboratory, Directorate of Materials and Processes, Aeronautical Systems
Division, Air Force Systems Command, Wright-Patterson Air Force Base,
Ohio. The project engineer was Mr. G. A. Beane.

This report covers work performed by ten cooperating laboratories
in the period of November, 1960 through December, 1962.
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ABSTRACT

The results from LOX-Lubricant Impact Sensitivity Cooperative
Program No. 3 are presented. Impact sensitivity threshold values of
three test samples were evaluated by ten laboratories. Seven laboratories
reported results using the ABMA type impact tester and three laboratories
reported results using the RMD impact tester. Even though rather large
variations in specific threshold values were reported by laboratorief using
the ABMA type impact tester, there was general agreement between labor-
atories with respect to the relative sensitivity of the three test samples
evaluated. General agreement of relative sample sensitivity was also
obtained by laboratories using the RMD impact tester; however, the order
of sample sensitivity was different from that obtained with the ABMA type
impact tester.

Although the LOX-Lubricant Impact Sensitivity Cooperative Pro-
gram No. 3 showed definite improvements in test reproducibility from the
previous cooperative test programs, further improvement in test repro-
ducibility still appears desirable.
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I. INTRODUCTION

This report presents the results obtained by ten cooperating labor-
atories from the LOX-Lubricant Impact Sensitivity Cooperative Test Program
No. 3. The program was initiated by ASD in an effort to establish the repro-
ducibility of impact sensitivity threshold value determinations using the
ABMA type impact tester and to determine the degree of correlation of
results obtained using the RMD impact tester with those obtained using the
ABMA type impact tester.

Two impact test cooperative programs( 1, 3)* were conducted prior
to the present program. In the first cooperative program, completed in
1958, no attempt was made to standardize the equipment used by the nine
participating laboratories and "Most of the testers differed with respect to
sample cups (foil, welded, stamped), striker pin area(0. 033 to 1. 77 sq in.)
or plummet weights (1. 1 to 70 lbs)"( 1). The results obtained from Cooper-
ative Program No. 1 indicated very poor agreement of data from the various
testers. The major conclusion from the program was that there was a need
for standardization of equipment and test method. The second cooperative
program, conducted in 1960, incorporated a number of significant improve-
ments in the test procedure and equipment( 2 ). The data obtained from this
program indicated an improvement in the correlation of results from the
different laboratories( 3 ). However, it was agreed at a meeting of the
cooperating laboratories that while an improvement in correlation of results
was obtained, the degree of correlation was not as good as desired. Thus
a third cooperative program, with more stringent test procedure and equip-
ment requirements, was initiated.

II. PARTICIPATING LABORATORIES

The laboratories that participated in the Cooperative Test Program
No. 3 and the testers used by the participants were as follows:

Laboratory** Tester Type

Air Force Flight Test Center ABMA
General Dynamics /Astronautics
Marshall Space Flight Center
Monsanto Research Corp.
North American Aviation, Rocketdyne Division

Pratt & Whitney Aircraft, FRDC
Southwest Research Institute
Douglas Aircraft RMD
Minnesota Mining & Manufacturing Co.
Thiokol Chemical Corp., Reaction Motors Division

SSuperscript numbers in parenthesis refer to List of References.

** With the exception of Southwest Research Institute (SwRI), each
participation laboratory is hereinafter designated by a leter code.
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It was originally planned that SwRI would also conduct cooperative
tests using an RMD tester supplied by the manufacturer. However, repeated
attempts by SwRI and the manufacturer to calibrate the tester installed at
SwRI within the accuracy limits reported for the tester were unsuccessful.
Consequently, SwRl did not conduct further tests with the RMD tester. A
detailed report of the calibration attempts on the RMD tester at SwRI is
presented in Appendix IV.

III. TEST SAMPLES

The following three fluid samples were selected for use in Cooper-
ative Test Program No. 3.

Sam2le Code Identification

III A Dow Corning QF-6-701Z

III B DC. 510, 500 cs

III C Aroclor 1254

Sufficient quantities, from single batches, of each of the fluid
samples were obtained and distributed to the cooperating laboratories as
directed by ASD.

IV. TEST EQUIPMENT

A. ABMA Type Impact Tester

The ABMA type impact tester consists of a 20-lb plummet assembly
which is guided in its vertical travel by three guide rails. Friction between
the plummet assembly and the guide rails is minimized by the use of six
small rollers, three each attached to both the upper and lower spider plates
of the plummet assembly. The plummet assembly may be held at any
desired vertical height, between 0 and 50 in., by means of an electromag-
net, which is clamped to a fourth rail and whose position on the fourth
rail is adjustable. The plummet may be released by de-energizing the
magnet, whereupon it is allowed to drop upon a striker pin previously
placed in position in a specimen cup containing the test sample and the
oxidizer. A detailed description of the ABMA type impact tester is pre-
sented in the USAF Specification Bulletin 527 which is included in
this report as Appendix I.

The anvil region assembly described in USAF Specification Bulletin
527 was supplied to six of the qeven laboratories by SwRI at cost. The
seventh laboratory reported that the assembly would be made in their
machine shop using the drawings supplied by SwRL. Therefore, it is
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assumed that all laboratories reporting results from the ABMA type
impact tester used the standard tester described.

Bý RMD Impact Tester

The operating principle of the RMD impact tester is identical to
that of the ABMA type tester The RMD tester consists of a 2000-gm
(approximately 4 41 lb) plummet assembly which is guided in its vertical
travel by three ground rods Friction between the plummet and the guide

rods is minimized by two low friction rings on the plummet bearing surface.
The plummet assembly may be held at any desired vertical height, between

0 and 48 in , by means of a spring-loaded latch attached to a plummet
release platform, which is clamped to one of the three guide rods and

whose position on the rod is adjustable for height. The plummet may be
released by energizing a solenoid coil which withdraws the spring-loaded
latch thus permitting the plummet to drop upon the vented plug, cap, and

die cup assembly containing the test sample and oxidizer.

A detailed description of the RMD tester is presented in Appendix

III, a reproduction of the "Impact Tester Operating Instructions" furnished
by the manufacturer with the tester.

C Comparison of Impact Testers

The principal differences in the two impact testers may be readily

compared in the following tabulation:

Impact Tester

Item ABMA RMD

Plummet weight, lb 20 4.41
Striker pin diameter, in 0.50 0. Z01
Striker pin areas, sq in 0. 196 0.032

Specimen cup cap not required scalloped Al (0 012 in thick)

Specimen cup diameter, in 1.0 0. 355

Sample size rcquired, ml 0 50 to 0 60 0. 008 to 0. 009

D Striker Pins andSpecimen Cups

1. ABMA Type impact Tester

The striker pins and specimen cups used in this program with
all the ABMA type impact testers were standard items (see Appendix I) from

one batch of pins and cups received from the suppliers by SwRL The striker
pins were individually inspected for dimensions and surface finish at SwRI.
The surface finish, measured with a Brush Surfindicator, varied between

60 to 70 microinches RMS for all the striker pins used in this program. Ran-

dom inspection t1 in 10 cups) was made at SwRI on the specimen cups sup-
plied to the cooperating laboratories.
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It is of interest to note that Laboratory C commented that "the
specimen cups provided for this program were found to have an abnormal
amount of a black film contaminant on the inner surfaces which necessitated
additional cleaning cycles for complete removal of contaminant, " compared
to other batches of specimen cups from the same manufacturer. Upon
checking with the manufacturer, it was found that the black film contaminant
was a die lubricant used in the manufacturing process. According to the
manufacturer, some of the earlier batches of specimen cups had been rinsed
at the factory with a solvent to remove this film; however, the particular
batch supplied for the cooperative program did not receive the solvent rinse
at the factory-

The lubricant film contaminant (black film) on the specimen
cups was also noted by SwRI; however, it did not appear abnormal since
SwRI has never received specimen cups which were rinsed at the factory
before delivery It has been general practice at SwRI to remove the lubri-
cant film by wiping the specimen cups with a shop towel while visually
inspecting each specimen cup prior to starting the required cleaning pro-
cedure-

2 RMD Impact Tester

It is assumed that standard RMD die cup assemblies were used
by the laboratories reporting results from the RMD tester since no devia-
tions were noted

V TEST PROCEDURE

A. ABMA Type Tester

A tentative test procedure to be used with the ABMA type impact
tester was discussed at the November 17, 1960 meeting of the cooperating
laboratories. This procedure, with minor changes, was later published
by ASD as USAF Specification Bulletin 527 (Appendix I). A copy of Bulletin
527 was sent to each cooperating laboratory, and it was requested that all
laboratories use the procedure described therein. Later a modified pre-
cooling procedure (see Appendix II) to replace paragraph 6. 2. 3. 2 of Bulle-
tin 527 was distributed to each laboratory in an effort to provide a definite
sequenced precooling procedure.

B. RMD Tester

The original test procedure recommended for use with the RMD
tester was the procedure described in Appendix III. However, a revised
procedure described in RMD Specification 7491, "Procedure for Operating
the Reaction Motors Impact Tester, RMD P/N 311636," dated September
1, 1961, was later recommended. The revised procedure is essentially



the same as that described in Appendix III except that the position of the
slot in the vented plug with respect to the centerline of the scalloped cap

is defined ý see Appendix IV).

VI TEST DATA REQUESTED

It was requested that each laboratory perform twenty test drops on

each test sample at drop heights of 42, 33ý 24, and 15 inches and that a

definitive threshoid value (paragraph 8. 7. 2 of Specification Bulletin 527)
be obtained for each of the test samples.

In addition to the above test data, it was requested that an estimate

of the intial rebound height of the plummet during blank test be reported.

VII TEST RESULTS AND DISCUSSION

A. General

Summaries of the impact test data submitted by the laboratories

using the ABMA type impact tester and the RMD impact tester are presented
in Tables 1 and 2, respectively, As indicated in Table 1, Laboratory D

did not obtain a definitive threshold value for sample III A and Laboratory
E did not obtain definitive threshold values for samples III A and III C. If
a strict interpretation of the definition of definitive threshold value is taken,

there are additional reported threshold values which may be suspect. The
definitive threshold value of a sample material is defined in Specification

Bulletin 527 as "the potential energy level for the higher of the two highest
adjacent drop heights at which no reaction occurred in 20 drops, and below
which level no reaction occurred. " This particular point is not believed

to be serious if the threshold value is determined to be 12 in., since the
tester is not usually operated at drop heights of less than 12 inches, How-

ever, in the cases of the threshold values reported by Laboratory C for

sample III A, and Laboratories A, C, and E for sample III B, it should be

pointed out that no reactions in 20 test drops at one drop height may produce
erroneous indications of a threshold value as evidenced by the following data
taken from Table l:

Reaction Frequency

Drop Sample III A Sample III B Sample III C

Hgt., in. SwRI D SwRI B

27 - - 1/14 4/20

24 1/20 1/20 0/20 0/20
21 0/20 0/20 1/6 2/20
18 1/20 1/20 0/20 0/20
15 0/20 1/20 0/20 0/20
12 0/20
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TABLE 2. SUMMARY OF IMPACT SENSITIVITY TEST RESULTS
FROM LABORATORIES USING THE RMD IMPACT TESTER

Reaction Frequency, No. of Reactions/No. of Test Drops
Sample III A Sample III B Sample III C

Drop Hgt. in. G H G H G H

42 5/6 9/10
41
40 7/20
39
38
37
36
35
34 6/20
33 4/10 3/3 6/10
32
31
30
29
28 7/20 13/20 5/20
27
26
25
24 5/10 8/10 3/20 3/11
23
22 1/20
21
zo 4/20 7/20 0/20
19
18
17
16 3/20
15 2/20 4/10 2/10 2/10
14 0/20 1/7 6/20 1/10 0/10
13 1/4
1z 1/1 2/20
11 1/6 1/20
10 1/1 0/20

9 0/9

No detailed test results reported by Laboratory I.
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Laboratory H, using an RMD tester, reported a threshold value of

14 in. on sample III B. However, the data sheets submitted listed one
reaction, obtained on rebound, during the ten test drops at 14 in. thereby
indicating that the threshold value is below 14 inches.

The threshold values, taken from Tables 1 and 2, for the three test
samples are tabulated in Table 3 for the ABMA type tester and Table 4 for
the RMD tester. The threshold values are also presented graphically in
Figures 1 and 2 for easy reference.

It will be noted in Figure 1 that although there is a large spread in
the individual threshold values reported for the three test samples, there
is general agreement between five of the seven reporting laboratories with
respect to the relative sensitivity of the three test samples. Further, all
seven laboratories agree with respect to the relative sensitivity of samples
III A and III B.

Exceptionally good agreement of threshold values is indicated in
Figure 2 by two of the laboratories using the RMD tester. It is possible
that better overall agreement of relative sensitivity of the three test samples
may have been obtained if more complete data were available from Laboratory
H on sample III B.

Comparing the results obtained using the two different testers, it
is of particular interest to note that when the threshold values obtained with
the ABMA type tester Fig. 1) are compared with those obtained with the
RMD tester fFig. 2), a different order of relative sensitivity of the three
test samples is indicated. The ABMA type tester, in general, rated sam-
ple III C as the most sensitive and sample III B as the least sensitive, while
the RMD tester rated sample III C as the least sensitive and sample III B
as the most sensitive of the three samples tested.

There was considerable discussion at the November 1960 meeting
of the cooperating laboratories on the validity and identification of char
marks as evidence of reactions in the event that no other indication of a
reaction was noticeable during the test drop. With this in mind, the data
submitted for Cooperative Program No. 3 was reviewed. Laboratory C
reported only one char mark and Laboratories D and F did not report any
char marks. SwRI and Laboratories A, B, and E reported a char mark in
conjunction with practically every audible reaction recorded. However,
very few char marks were reported without additional evidence of reactions
occurring, ind none of the threshold values recorded (Table 3) were based
upon char reactions alone.

B. Supplementary Data

Any investigation of the reproducibility of a test method should be
judged in the light of the repeatibility of the test method. Table 5 presents
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TABLE 3. SUMMARY OF THRESHOLD VALUES FROM
LABORATORIES USING THE ABMA IMPACT TESTER

Threshold Value
Sample S ample Sample

IlIl A III B III C
Laboratory in. ft-lb ft-lb/in. Z in. ft-lb ft-lb/in. 2 in. ft-lb ft-lb/in. 2

SwRI 15 Z5 128 18 30 153 15 Z5 128

A 12 20 I02 24 40 204 9 15 77

B 12 z0 102 18 30 153 18 30 153

C 24 40 Z04 39 65 332 12 20 102

D <15 <25 <128 18 30 153 3 5 26

E <15 <25 <128 42 70 357 <15 <25 <128

F Z7 45 230 30 50 255 30 50 255
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TABLE 4. SUMMARY OF THRESHOLD VALUES FROM
LABORATORIES USING THE RMD IMPACT TESTER

Threshold Value
Sample Sample Sample

III A III B III C
Laboratory in. ft-lb/in. 2 in. ft-lb/in. 2 in. ft-lb/in. 2

G 14 162 10 116 20 231

H 9 104 <14 <162 14 162

I 14 161* 12 138* 19 217*

*These data were the only information reported. The corresponding inch values

were obtained by dividing reported data by 4.41/(0.032 X 12) = 11.55 and
rounding off to the nearest inch.
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TABLE 5. SUMMARY OF THRESHOLD VALUES OBTAINED BY S%%RI
ON COOPERATIVE TEST PROGRAM NO. 3 TEST SUPPLIES

Threshold Value
Sample Date of Test Height, in. Potential Energy, ft-lb

III A May 1961 21 35
May 1961 18 30
June 1961 15 25
June 1961 15 25
June 1961 18 30
June 1961 18 30
Oct. 1961 15 25
Oct. 1961 12 20
Oct. 1961 12 20

Oct. 1961 18 30
Nov. 1961* 15 25
Nov. 1961 18 30
Nov. 1961 21 35
Dec. 1961 21 35
Dec. 1961 18 30
July 1962 18 30

III B Tune 1962 18 30
June 1961 30 50
June 1961 18 30
Tune 1961 27 45
July 1961 24 40
July 1961 30 50

Aug. 1961 27 45
Nov. 1961* 18 30

III C Mar. 1961 18 30
May 1961 12 20

May 1961 15 Z5
June 1961 18 30
Nov. 1961* 15 25

*These data were obtained and reported for Cooperative Test Program

No. 3.
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the threshold values obtained at SwRI on the samples used in Cooperative
Test Program No. 3, by means of the ABMA impact tester using the test
method specified in Specification Bulletin 527. A summary of these thresh-
old values is as follows:

Threshold Value, in.
Sample Minimum Maximum Average Standard Deviation

III A 12 21 17.0 2.84

III B 18 30 24.0 5.32

III C 12 18 15.6 2.51

Figure 3 presents a comparison of the threshold values reported for
Cooperative Test Program No. 3 with those obtained in the repeatibility
study. The range of threshold values determined in the repeatibility study
is represented by the shaded area. It will be noted that the majority of the
threshold value determinations reported for the present cooperative program
are within the repeatability range of one laboratory.

C. Test Variations Reported

1. Test Procedure

The only variation in the test procedure used was reported
by Laboratory B; "Liquid nitrogen instead of LOX was used for precooling
strikers, cups, and anvil similar to the method used for Cooperative Pro-
gram No. 2.

2. Sample Volume

A variation in the amount of test sample used to attain the
required 0. 050 in. sample thickness was noted in the data submitted.
Following is a tabulation showing the different amounts of test sample used:

Sample Used, ml
Laboratory III A III B III C

SwRI 0.57 0.60 0.56
A 0.55 0.55 0.46
B 0.55* 0.55* 0.53*
C 0.50 0.50 0.50
D Not Reported
E 0.50 0.50 0.50
F 0.60 0.60 0.60

* Approximate values calculated from weights reported.
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Using the minimum and maximum reported quantities of each

test sample, measurements taken at SwRI indicate that the sample thicknesses
used by the different laboratories may have varied between approximately 0. 040
and 0. 054 in. for all three test samples. However, based upon the thresh-
old values reported by the cooperating laboratories and upon data obtained
earlier at SwRI on the effect of sample thickness on sensitivity( 4 ), it is not
believed that this apparent discrepancy is significant in the present program.

3. Plummet Drop Time

The reported plummet drop time variations are tabulated in
Table 6 as percent variation from calculated free fall. Four laboratories
report consistent average drop times within the allowable 3 percent
variation.

4. Rebound Height

The following initial rebound heights of the plummet were
reported for blank tests conducted at 48 in. drop height on the ABMA type
testers (in the order of decreasing rebound height):

Laboratory Rebound Height, in.

A 24
SwRI 9

E 6to 12
F 6to8.5
B 4.7*
D 3**
C .75 to 1.25

It was believed that the severity of the individual impact
testers could be indicated by comparing the rebound heights and the thresh-
old values obtained with the various testers. However, it can be seen in
the following tabulation that although there are indications that some testers
are generally more severe (for example, A, D, and SwRI) than others, the
test severity does not appear to be consistently related to the rebound height.

Relative Severity
Order of Severity III A III B IIIC

Most severe A, B, D, E SwRI, B, D D
SwRI A A

C F C
F C E

E SwRI

Least severe F

* Reported calculation from data at 24 and 36 in. drop heights.
* Data reported for 42 in. drop height.
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TABLE 6. SUMMARY OF AVERAGE VARIATION OF DROP
TIME FROM CALCULATED FREE FALL

Calculated Mean Variation from Free Fall, percent
Laboratory Sample 42 in 33 in. 24 in. 15 in.

SwRI IlIl A 1 8 1.7 19 2. 3
III B 1 3 1.4 1.7 . 3
III C 1.8 1L5 1.5 2, 5

A III A 2.7(3) 3. 6(0) 4.6(3) 1. 5(9)
III B 3.0(2) 2.6(8) 1.8
III C 2 9(5) 3.0(8) 2.8(z) 1.8(2)

C III A 0.9 1.2 2.4 Z. 3
III B 15 1.2 2.0 2.4
III C 1 0 1. 1 2.5 2.4

D III A 0.6 2.0 1.2 0.4
III B 0.6 1.9 0.8 I. 1
Inc 0. 2 1.7 1.9 1.3

E III A 2.9(10) 4ý 1(6) 4ý 3(10) 4. 2(16)
III B 2 0
III C 3.4 3.8 3 3 4.0

III A 0.4 0. 5 0.0 -0.4
III B -0.6 0.0 -0.3 0.7
III C -0.4 -0.5 -0.3 0.7

Values given are based upon 20 test drops unless indicated by number in
parenthesis which denotes number of drops used to obtain mean.

* No timing data submitted.
** Corrected drop time (average recorded drop time minus 20 milliseconds)

reported. "The cause for this deviation of measured from theoretical
free fall time has been found in the continuing support of the plummet by
the decaying magnetic field after the plummet has moved far enough to
break the timer contacts. This deviation has been found to be systematic,
and under the specified conditions of operation, constant at 20 * 2 milli-

seconds."
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VIII. CONCLUSIONS

Despite the rather large variations in the threshold values reported
by laboratories using the ABMA type impact tester, there was general
agreement among laboratories with respect to the relative sensitivity of
the three test samples evaluated in the program.

General agreement of relative sample sensitivity, in a different
order from that obtained with the ABMA type tester, was indicated by the
laboratories reporting results from the RMD impact tester.

No direct correlation of results from the two different testers was
evident except to the extent that both testers showed all three test samples
to be impact sensitive in LOX.

Cooperative Test Program No. 3 showed definite improvement in
test reproducibility when compared with previous cooperative test pro-
grams. However. further improvement in test reproducibility is desirable.
It is recommended that additional emphasis be placed on the control of vari-
ables such as sample thickness and drop time deviation from free fall. In
addition, the plummet rebound height, which is an indication of the rigidity
of the tester and foundation, appears to require some measure of control;
although the effect of this variable on the reported threshold values was not
conclusive.
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1. Scope and purpose.- This bulletin covers a test method for
datermining the compatibility of materials with liquid oxygen using
the AB:A type impact tenter. The materials included in the scope of
this procedure are liquids (oils), greases, solids, solvents, and
coatings (dry film).

2. Brief outline of the impact sensitivity test method.- Samples
of the material are prepared in standard impact-test specimen cups,
the material precooled and the cups filled with liquid oxygen and
placed in an impact tester. A precooled striker pin is centered In
the cup. A pl met is released from a given height on the striker
pin, which in turn impacts the material. Observation for reaction
is made and the impact sensitivity determined.

3. Teot equipment

3.1 Anvil region assembly.- The anvil region assembly (a critical
portion of the ABMA type impact tester) shown an figure 1 shall be
used in all testing conducted in accordance with this bulletin.
(See 8.4.)

3.2 AB•A type impact tester.- The ASIA type impact tester (see
figure 2, 8.3, and.8.4) is the standard test equipment for determin-
ing the compatibility of a material with liquid oxygen. The complete
tester should be used in testing whenever possible. It consists of
three guide tracks capable of maintaining vertical alignment tader
repeated shock conditions, phummet weight, electromagnet for support-
ing or releasing the plummet, solenoid operated safety catch to
support the plummet when the magnet is not energized, base plate
supported by reinforced concrete, anvil plate, striker pin# striker
pin guide, specimen cup holder, and specimen cup.

3.2.1 Magnet.- The magnet is designed to hold over 20 pounds of
weight with a minimim amount of electrical energy. The voltage
required is 6 volts d.c.

3.2.2 Safety catch.- The safety catch is designed to hold the
plumiet near the base of the magnet. It is used to support the
plummet during the. cleaning operation when the magnet is not energized.

3.2.3 Base plate.- The base plate of 1-inch thick stainless steeil
rests on a 1/8-inch thick stainless steel sheet. This sheet covers
the 2-foot cube base of reinforced concrete to prevent scattering of
cement dust upon impact. Four stainless steel foundation bolts and
nuts protpuding from the concrete base are used to fasten the plate
and sheet to the concrete.
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3.2.4 Anvil plate.- The anvil plate is an approximtely I-inch
thick heat-treated stainless steel plate that is centered and rests
on the base plate. This plate centers the specimen cup holder and
provides protection from denting the base plate upon impact.

3.2.5 Striker pins.- The striker pins are made from 174 PH stain-
less steel. Sufficient pins should be provided for testing and.
discard. (see 8.1.)

3.2.6 Specimen cup holder.- The specimen oup bolder Is a 1-lach
thick stainless steel block and Is centered on the anvil plate I1
a pilot circle machined In the uanvl plate. The specimen cu hol
contalin two protruding spacers which align the striker pia guid,
and In twu the striker pin with the nose of the plumo, thUs
ensuring a direct hit by the nose of the plumet on the stwlko pi
in the specimen cup.

3.2.7 Specimen cups.- One-piece and two-piec specimen cups ar
used in this test method. A one-piec alvtmni speolmn cp shell
be wed in the testing of liquids (oils), sollds, and solvents. A
two-piece specimen cup consisting of an aluminm specimen plate and
teflon sleevo shall be used In the testing of groses and c0attIa
(dry film). (See8A.2 and 6.6.)

3.3 Auxillary equiament.- The auxillary equipament consists of
forceps for handlin the specimen cups and striker pim•, stainless
steel spatulas, liquid oxygen handling equipment such as stainless
steel Dewar flasks, liquid oxygen protective gloves, lintless 2lbor%-
tory coat, safety goggles, gasous oxygen bottles, and liquid oxygen
storage containers. Additional handling equipment includes striker
pin holders (see figure 3), specimen cu trays, specIMen Plate tee
and positioner (see figure 4), desiccator* (without desiccant) for
storing specimen cups and striker pins, a 10 Milliliter (ml) micro-
burette, a stainless steal top (level) work table, a test cell for
the apparatus with a protective window for observation of test drops,
a control panel for the operator to activate the safety catch and
electromgnets and timing Instrumentation to- measu" the drop time
of the pl=et (see figure 5).

3.3.1 Forceps.- Stainless steel tongs or forceps shall be used to
handle the cleand specimen cupo, striker pins, and solid sasples to
prevent contamination by the operator's hands.

3.3,2 Liquid oxygen storage containers.- I~quid oxygen storage
containers are required for storage of the liquid oxygen.

3.3.3 Gaseous oxygen bottles.- Gaseous oxygen bottles should be
used to transfer l"quid oxgen from the storage contain to the
Devar flasks.

6
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3.3.4 Test cell.- The impact tester shall be housed in a test ca11
containing a concrete floor. Aluminum sheeting shall be used to
cover the ceiling of the cell, and, if possible, the wals. This
facilitates cleanliness. The cell shall contain an observation
window of Plexiglas, or other shatter-proof material. It shall be
shrouded to darken sufficiently for observation of flub... Cms-
tinuous ventilation shall provide fresh, uncontaeinatod, filtered
air to the teot cell.

3.3.5 Timing instrumentation.- A Berkelev Univereal Cowter and
Timer, Model 5500, or equivalent, shall be sed for measuement of
drop time (see figure 5 and 8,5). Two contacts are attached to the
tester to start and stop the counter. The overall drop time Is

easaured from any given height of the Impact tester. The timing
instrument Is neeessaz7 to permit evaluation of the kinet. seeaf
expended In friction.

4. Materials

4.1 Liquid oxygen.- Liquid oxygen specified in thi, bulletin shea
conform to Specification M104-25508.

4.2 Trichloroetbhlen.- Extraction grade triohloroetbylene speol-
tied in this bulletin shell have a mum nonvolatile residue
content of 0.0010 percent by weight.

4.3 Alkaline cleaner.- The formula for the alkaline cleaner speci-
fied in this bulletin shall be 1.5 trisodium pbosphate (Na90 4 )
and 15 grams sodium hydroxide (h•) .in 1 liter of distilled water.

5. Cleaning and storage of equipment

5.1 General.- The impact tester, its accessories, and the test
cell shall be maintained in a clean condition. The guide tracks,
plumnet, anvil plate, striker pin guide, specimen cup holders and
base plate of the Impact tester shall be cleaned thoroughly at the
start of each test and between tests of different materials by using
steel wool, and rinsing with clean extraction grade tr1ohloroethVlene
(see 4.2). In addition, the anvil plate, specimen cup holder, striker
pin guide, and plumimet nose shall be cleaned with clean extraction
grade trichloroethylene at least after Impact test of every tenth
sample during test. After completion of testing for the day, the
impact tester, handling equipment (Dewar flasks and forceps), striker
pins usgd in testing, and sample preparation equipment shal be
rinsed with clean extraction prade trichloroethylene. Cleanliness
must be maintained throughout any series of Impact testing to mini-
mis erroneous test results.

i1
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5.2 Test cell.- The aluminum, a"ýiag and aW f1XtuneS In ths teat
cell that could accumnulate dust shall be cleaned veekly. The omorn~
crate floor Shall be vacuumed weekly and scrubbed whent 114046807o
The air Intake shall be filtered and the filter changed at least
every 3 months.

5.3 Striker pins... Striker pins shall be clesaned as follow: Vapor&
degrees* with trichloroothyloes. fbllow with a 15..inute soak In
alkaline cleaneor (see 4.3)p rinse thoroughly with distilled waterp
kid nitrogen (water pumped only)Lo~ vndy (See 3.3.1.) VIsaialY
examine pins -for discoloration,, i cathes# or pits an the strikin
area. Discolored pins may be rcla ed,, failing this,, they should be
remoachined (see 5.3.2) and reCleanldj, or discarded. Pine containing
scratches or pits Shall be rowacbi~od and recleaned# or discarded.

5.3.1 Storage of cleaned striker pis-Cleaned striker pins Shall
be stored In a clean desiccator ( 4hUt desiccant) until use. The
cleaning specified In 5.3, ezcept orthe vapor degresase Shall be
repeated on pins stored 1 month or e.WG Pius stored. mre then
6 days but less then 1 month shinl be given a rimse with cleft
extraction grade trichloroethylene and nitrogen (water pauped only)
or oven dried prior to use.

5.3.2 Racachined *striker pins.- ýhe luagth of resobcined Striker
pins shell be 2.000 plus 0.010 or sinissu 0.2.00 Inches. Striker pins
shall be remochined if the striking area contains scwatches or pits,
or both. It miy be necessary to romachine pins beat or flattensed.
during Impact test. Badly bent pJ~s and remohined pins In which
the diameter near the AtrkUn *area ucoeeds 0.%05 Inch or Is less
than 0.495 Ifch shall be discarded*

5.4 Specimen cups.- Specimen cups shall be cleaned as follows:
Vapor degrease with trichlcroethylmnes, wash with detergent (Tide.,
or equivalent), rinse with'distiLled waterL, and nitrogen (water
pumiped only) or oven dry. (See 3.3.1.) Visually exmine =-inse
cups and specimen plates (alumina portion) of two-piese cups for
discoloration and scratches or pits of the Interior base. Dis-
colored cups and specimen plates may be recleaned., failing this#
discard as well.&* those containing scratches or pits. Specimen
cups and specime plate. shinl be wsed only once and discarded.
Visuall exmine teflon sleeves of -two-piece cups for cleanliness.
Uncleomansleves may be recleaneds, failing this,9 discard. -Teflon
sleeves may be reosed until no longer cleanable or no longer a
proper fit, or both*

5.4.1 Storage of cleaned specimen cups.- Cleaned specimen cups
Shall be stored in a clean deuicca~r (without desiccant) until tue,
The cleaning specified in 5.4,9 except for vapor dsp ease,, Shall be
repeated on cups stored 1 month or more. Cups stored more than

n
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6 days but less than I month shall be given a rime with clean extrac-
tion grade triohloroethylene and nitrogen (water pumped only) or oven
dried prior to use.

5.5 Auxiliary equipment

5.5.1 Stainless steel ware.- Stainless steel wares such as striker
pin holders, forceps, spatulas, and speoomen cup trays, shall be
cleaned in the same manner as the striker pins (see 5.3). Once Inte-
grated into the handling procedure, a thorough rinse of the stainless
steel ware with clean extraction grade triobloroethylene Is the Gnly
cleaning necessary.

5.5.2 Glassware.- Any glassware, such as microburettep beakers, and
pipette shall be cleaned as follows: Soak approximately 2 bours (de-
pending on degre. of contamination) in warm sulfuric ad-d te
solution, rinse with distilled water, and nitrogen (water pumped only)
or oven dry.

5.5.3 Liquid oxygen handling equipuent.- Liquid oxygmn handling
equipment, such as gaseou oxygen lines (tubing), and liquid oxygen
storage containers shall be cleaned thoroughly at least every 3 months
with clean extraetion grade trichloroethylene. Safety maniual. on
liquid oxygen handling and cleaning procedures shall be followed.

5.6 Cleanliness check.- The effectiveness of the cleaning procedure
described herein shall be checked as follow: Select at least five
each cleaned specimen cups and striker pins from every batch cleaned.
Precool the blank (empty) specimen cups, striker plns and specimen
cup holder Is specified in 6.2.3.1, 6.2.4, and 6.2.3, respectively.
Fran a height of 48 inches perform test drop as specified in 6.393o
If no reaction occurs, the specimen cupe, striker pins, and test rig
are considered clean. Should a reaotion ooour, the cup and striker
pins represented by those tested, and the test rig shall be recleaned
and the check procedure herein repeated.

6. Testing

6.1 Preparation'of test samples

6.1.1 Number of samples.- At least 20 samples but not more than an
amount that can be tested within 8 hours after preparation should be
prepared in accordance with 6.1.2 through 6.1.6, as applicable, for
each series of test drops. More than 20 samples may be desirabl, to
allow for rejection due to samples floating or breakin up during
preocooling (see 6.2).

6.1.2 Liquids (oils).- Liquid samples shall be propa as follows,
Shake liquid w before use and allow air bubb3l. to foat out of
solution. Utilise a 10 al sioroburette in handling the lauids.

122
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Determine by t•ri• and error teohnique the volvme of liquid required
to give a sample thickness of 0.050 inch In the specimen Oup. (T•hi
Is necessar7 because of variations In density and surface tenian
from liquid to liquid.) Fill the cleaned, one-pieoo specimen cup
to a sample thicknoss of 0.050 inch. A micrometer depth gage vith
leveling blocks Is suggested for measurement and the work table
should be level. Proceed as specified in 6.2.3.2.

6.1.3 Greses.- Grease sa2ples o.nl be prepared as folloves: Pl
the cleaned speoimen plate of the two-pleae cup In the cleand speoomen
Plate tee. Fress sufficient asample materWa (a slight excee.) Sn the
specimen plate with the colned stainless 4stel spatula to fom a
unifrm sampl free of air bubblaes and vold spots. Scrapo off the
eooes sample grease with the spatula wtil a mmotf surface level
with the edge of the specimen plate Is achloved. rhmove excess sample
from the outer perimeter of the specimen plate with clean inatleas
tissme. Assemble the two-piece spoolmn oup as described In 6.1.3.1
and proceed as specified In 6.2.3.2.

6.1.3.1 Assemblage of the two-ioeoe speclion cup.- Assmble the
two-piec- specimen cup as follows Plaoo the spooemon plate on a
clean, # .At surface. Carefully pmes the teflon sloeve down around
the spei•mn plate. A speclin plate poeitime (ase figure 5) mmy
be used to hold the specimen plate during this procedure.

6.1.4 Solids.- Samples of solids from the application products
shall be cut and prepared as follow: The diameter of the sample
should be small enough to fit within the flat portion of the bottom.
of the specimen cup and greater than the disamter of the striker
pin. When the application product has a thickness less than
0.050 lnch and can be out to form a reasonably rigid disc (not too
f~lmsy) with a diameter of 0.750 inch (tolerance of minus 0.225 inch),
test samples shallbe prepared therefrom. When the application
product has a thickmes greater than 0.050 inch or cannot be out
to tom a reasonably rigid disc (not too ftlesy) having the required
disamter, flat-disc test samples 0,050 Inch ±0.003 Inch thick and
0.750 Inch (tolerance of aims 0.235 Inch) diameter shall be spooi-
ally prepared. Those disco shall be made from the same Identifiable
lot of shoot or raw material from which the application product we
made. The surface filish of both sides of the discs shall assimilate
the application product. Measure thickness of each sample spoaien
with a micrometer, and record same. Clean sample specimen by

.thoroughly riming in ce•an "otraction grade trichloroethylene, and
nitrogen (water punpe only) or oven dry. (See 3.3.1.) Should the
triohloroethylee have an adverse effe• t on the sample, uso any
other liquid =Wgen compatible solvent that has no reaction out of
20 test drops at 70 ft lb when subjected to procedure specified in
6.1.5.1 or 6.1.5.2. Should all such compatbl solvents have an
adverse effect an the samps disco, clean with a d•eOrg•ot• wash (TId

ulilent),, rinse with distilled water, NAndmto (Water PIUMPe
I oe o dry. Place In cleaned one-piece specimen cup, and

proceed In aocordamce with 6.2.3.2.

13
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6.1.4 Solvents-- Solvent samples shall be prepared as speclfied In
6.1.5oi or 6.1.5.2.

6.1,5.1 Method L- Concentrate the solvent to 2 percent of its
original volume by evaporating the solvent in a gravity convection
explosion-proof ov e Hold the tamperatur of the oveb at 5 to
100 1 below, the. boilhi#i polut of the evaporating sovent.. ?3a*S
the 2 pecn cnet atdolvent In the cleaneds, on*46boe sped-
man cup to & thicknems of 0,09% Am* *0.003 Ink. Proceed as
specifie aU32

64.5.2 34thd IL. P&" S as th e .
.v.t . 6.1.5.1) in the W-o4- now,,e s,.ther
eibt .a .s .mdescribed fn t .S.a, .t1 r. 6*1ssd s

IeS. than 0.090 LS~h.

6.1.6 Coatings.. Owatig seapples such asdry film 2*Josaa* ftd
paints shall be prepared as follmm s pply the eoatiag to the nlside
of the cleaned specimen plate of the two-pleoe oW In the same mer
and to the msm thickness that is Intended for Its hard•are applioa-
tion; pe.g.,# sprayed an, baked on, brushed on=, et ctera. Upon omn-
pletion of the ftiug or bai prooes, asemble the' plea2
specimen cup as described In 6.1.3.1. Proceed as suft AM

6.2.3.2. The sample thio4 a of this coating pb•b ll be
les than 0.050 Inch.

6.2 Preooting

6.2.1 Definition.- The teru preoooling as used herein mum to
lower the te•meeature of the material being cooled to the boiling
point of lumid o3Wgen at one atmoapher.o pressure (.297o F).

6.2.2 Demar f3maks.- Dema flasks shull be preoooled as follows:
Transfer a small volue of liquid asoen from the storage container
Into the Deir fla&k and cool flask to liquid wqg a tempeamture.
(Liquid * ngg% bolls vigorous@4 u-tl the surface of the Desar fl•ask
has ooled to 144mid oxygen temperature.) When cooled, fill flask
to three•-tfrths. of its total volo with liquid oxygen. Cover withclean alxuim foil or stainless steel cover. (Epmrimoe be estab-
lishod that the eoonoamial method Is to use stainless steel wide-
moutbed Dewr flsks and stainless steel covers.)

6.2.3 Specimen ovs

6.2.3,1 Blank specimen caps.- The cleanod, blank sN.OoMcups
shall be precoo2ed by slow inursion In a Dewar flask containing
liquid =qges.

24.
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6.2.3.2 Specimen cups contalnin sa l m e .- BeS specimen
cups containing sample material to be tested (see 6.1) shal be
precoolod as follows: Proceed with extrmseoare to ainimise corak-
ing of the sample in the base of the oupt..QU a level table# place
a stainless steel tray (similar to a hos),tal surgical pan) and
put specimen Oups containing semple Material tihrin. (The use of
the level table assures a unifom sample thickness.) Sloiny pour
liquid oxygen into the tray to a level one-fourth the height of
the specimen cups. Avoid splashing =all bbbles of boiling liqu-i*
oxen onto the wam test soam* in order to aem ;,a hole or vold
spot In the sample. After the sample, atorial has from, Po
sufficient liquid oxygen into the tnq to float the auj.. (Do not
pour liquid oQgen directly into the cups as this wDl Sncreasse the
danger of breakup of the sample and my cause the saeng to W
from the cup.) Slovwy submerge the cups by almwlin the liquid
oqgovto overflov the sides of the cup. MAks a visuIl check to
assure sample does not contain a void or hole, and that the miterIel
has not separated from the bottan of the oup, or puppped out. Discard
any sample oup that does not pass tLhs Inspeotion. Snples need not
be discarded for cracking. Perfom impact test (see 6.3) within
4 hours after precool.

6.2.4 Striker is.- Cleaned striker plns shall be preoowled b
placing pins In striker pin holder and Immersing In a Demar flask
containing liquid oxygen.

6.2.5 Specimen cup holder and anvil plate.- The specimen cup holder
and anvil plate (anvil rogion) shall be precooied just prior to
placing a specimen cup for test, as follows: Use cleaned forceps
and specimen cup or special transfr container to transfer liquid
oxygen from the Dewr flask to the anvil region. Pour liquid
oxygen Into the hole of the specimen cup holder and onto the anvil
plate until boiling of the liquid oygen Is negligible. This pre-
cooling allows sufficient time for the operator to leave the test
cell and impact the sam]e dhle it Is In cantact with the liquid
Mogn*

6.3 Dhpact test

6.3.1 Critical test parameters.- Critical test parameters .are as
follow s

a. Plumet weighth.- Pltmet weight shall be 20 t0.03 pounds.

b. Drop height.- Drop height shne not deviate more than
*0.2 Inch from the specified height.

a. Striker pin diameter.- Striker pin diameter near the
strikin area shall be 0.500 *0.005 inch.

15
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d. Sample thickness.- Sample thickness ahal be 0.050
±0.003 inch, and as otherwise specified in 6.1.4, 6.1.5, and 6.1.6.

e. Energy loss.- The energy loss due to friction shall be
indirectly controlled by measuring the overall drop time for each
drop from any given drop height. The average m•asturddrop time for
20 valid teat drops from the same drop height shall not eaeeed the
computed theoretical free fall time by more than 3 percent. An
individual test drop is considered valid when Its measured drop time
does not deviate by more than 0.010 second from the average masred
drop time of 20 test drops at the same drop height. An IndLvi4a
test drop Is also considered valid when a reaction occurs regardless
of its measured drop time.

6.3.2 Blank drop.- To determine cleenlismsa, at least two blank
drops shall be made from a height of 48 inohes prior to the first
and one after every tenth drop of each semile material In aord-
ance with 6.3.3. If no reaction occurs, testing of msaple ateal
may proceed. Should a reaction occur, the general leanang specL-
fied In 5.1 shall be repeated and five blank drops performed there-
after. Should a reaction still occur, the entire cleaning proeosdure
specified In section 5 shall be repeated until five blank drope ae
made vithout reacUon.

6.3.3 Test drop.- The following steps shall be aocomplished with
sufficient care and speed so that the specimen cup will contain
some liquid oxygen at all times prior to impact: Adjust magnet
to proper drop height. Use clean forceps to set the preocooled
specimen cup (blank or containing the frozen sample and liquid
oxygen, as applicable) into the precooled cup holder of the anvil
region assembly. Make a final visual check to assure the frozen
sample has not separated from the bottom of the cup. Discard those
that have separated. Center the preceoled striker pin Into the
cup and hold in position by the striker pin guide. Rplenish the
partially boiled-away liquid c:gn by topping the cup with liquid
oxygen. Cover the exposed oentalners of liquid qge (liquid
oxygen tray containing ample cups and Dmar flask containing
striker pins and pin holder). Close test cell door, turn off cell
lights, and set timer. Release safety catch and plummet by means
of the electrical control panel located outside the test cell near
the observation window. Observe and record the results of the
impact reaction as defined in 6.3.4. Record drop time of the
plummet.

6.3.4 opact reaction.- A positive reaction is oonsidered to be
a detonation, visible flash during Impact, or discoloration, # rnt
or charred spots, pits, or any such evidence of a reaction upon post

16
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inspection of the rewarmed striker pin and the sample specimen Cup.
Odor alone will not be considered to be a roaction. Degree of
severity of reaction shall be noted as follows

Extreme - Obvious cup deformation due to reaction.

4,bderate - Obvious flash# audible detonationp burning or amy
combination thereof.

Faint - Barely detectable flash or detonation, or combination
thereof.

Char - Evidence of burnt or charred spots an either the striker
pin or specimen cup.

If any reaction occurs on rebounds it should be reported and olassi-
fied in the same runner.

6.3.5 Interpretation of results.- Unlee otherwise specified In the
procurement specification, when no motion In a .4in4iu of 20 can-
secutive drops or a maximau of 1 reaction in 40 consecutive drops
occurs, the material shall be considered to pass this test.

7. Report.- The following data should be reported for each series
of 20 test drops:-

a. Type of sample material tested, Its oarercUl trade name,
and batch number.

b. Drop height of the pluit.

c. Measured free fall time of the plunet for each test dop.

d. Computed theoretical free-fall drop time for each drop height.

e. Percent of deviation of average measured drop time from
theoretical free-fall drop time.

f. Ambient temperature, humiditys and bamtric pressure,
gravitational constant.

g. Sample thickness.

h. Number and severity of reactions that oeUerTed.

i. Number of blank cups tested.

j Date, testing laboratory, and the name of operator conduct-
ing testo

17
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8. Notes

8.1 Known sources of supply for the expendable striker pins (see
3.2.5) are: (1) D. S. Anthony and Sons, 1235 W. laurel Street,
San Antonio, Texas, and (2) Dobbins Metal Company, 120(7 Fulton
Avenue, San Antonio, Texas.

8.2 A known source of supply for the expendable specimen cups (see
3.2.7) is Dobbins Metal Company, 3207 Fulton Avenue, San Antonio, Teoxa.

8.3 Know sources of supply for the A3MU type Impact tester (see 3.2)
are: (1) Gray Schultz Ino., Mtt. Mlhiott Avenue, Detroit 34j, Michigan,
and (2) Peerless Engineering Company, Inc.# 4741 Firestone Boulevard#
South Gate, California.

8.4 Complete sets of drawings for the AMUA type Impact teeter and the
anvil region assembly will be furnished upon written request tot
Aeronautical Systems Division, Attn: ASRCEF-2, Air Force Systeas Comiund,
Wright-Patterson Air Force Base, ChGo.

8.5 A known source of supply for the Berkeley Universal Counter and
Timerp Model 5500 (see 3.3.5) is Berkeley Scientific Division of
Beokman Instruments, 3hc., Richmond, California.

8.6 A known source of supply for tefl•n tubing for the teflon sleeve
(see 3.7) is the Sparta Manufacturing Compsny, Dover, Ohio.

8.7 Determination of threshold value

8.7.1 Approllmate threshold value.- The approximate threshold value
should be sought In accordance with the schedule of drop heights
listed in table I. Testing at each drop height should continue until
either 20 no-reaction drops or 1 reaction drop oonrs. The approxi-
mate threshold value is the potential energy level for the first
height at which no reaction occurred in 20 drops.,

Table I. Schedule of drop heights

Schedule Drop hei ht

1st drop series 42
2d drop series S 33
3d drop series a 24
4th drop series a 15

8.7.2 Definitive threshold value.- The definitive threshold value
should be sought at consecutivly decreasing drop height showm in
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table II beginning two drop heights (6 inch..) above the height at
which the approximate threshold value (see 8.7.1) ws aooamplIshed.
Teoting at each drop height should continue until either 20 no-
reaction drops or 1 reaction drop occurs. The definitive threhold
value is the potential energy level for the higher of the two
highest adjacent drop heights at which no reaction-occurred In
20 drops, and below which level no reaction occurred.

Table II. Drop height and potential energy level

Drop height : Potential energy it Drocp height s Potential energy
(inch.s) s (ft lb) i: (inches) , (ft .b)

48 W 8 :S . 27 S 45
45 a 75 it 24 S 40
"42 a 70 :s 21 35
39 S 65 i: 1s S 30
36 S 60 it 15 S 25
33 s 55 is 12 20
30 1 50 i: 9 .15

19

in.i

-4,-..-
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APPENDIX II

PRECOOLING PROCEDURE USED FOR COOPERATIVE
TEST PROGRAM NO. 3

i



PRECOOLING PROCEDURE

TO REPLACE PARAGRAPH 6.2.3.2 OF SPECIFICATION BULLETIN 527

(For Co-op Program No. 3 Only)

6. 2. 3. 2 Specimen cups containing sample material. - The specimen cups con-
taining sample material to be tested (see 6. 1) shall be precooled as follows: Pro-
ceed with extreme care to minimize cracking of the sample in the base of the cup.
On a level table, place an insulated stainless steel tray (1) and place specimen
cups containing sample material therein. (The use of the level table assures a
uniform sample thickness. ) Liquid oxygen is then poured into the tray by means
of a small mouth transfer container (2 )and a filling funnel. (3) The funnel is fitted
with a metal plug containing a 1/16 in. orifice (4 )which controls the rate at which

the liquid oxygen is added. The funnel is held in position with the tip of the metal
plug approximately 1/4 in. from the bottom of the tray. Liquid oxygen is then
added to the funn.[ to maintain a steady flow through the orifice until all of the
samples are frozen. After the test samples are frozen, the funnel is then removed
and liquid oxygen added directly to the tray from the transfer container until there
is a sufficient quantity of liquid oxygen in the tray to float the specimen cups. The
specimen cups are then submerged by slowly tilting the cups and allowing the liquid
oxygen to overflow the sides of the cup. Make a visual check of all the frozen
samples to assure that the samples do not contain a void or hole, and that the
sample material has not separated from the bottom of the cup, or popped out.
Discard any test sample that does not pass this inspection. Samples need not be
discarded for cracking. Perform impact test (see 6. 3) within 4 hours after pre-
cool.

(1) "Vollrath" stainless steel pan with cover or equivalent. Dimensions: 12 in.
x 8 in. x 2 in. Approximate cost - $11.00. Insulation is provided by asbestos
tape or equivalent.

(2) "Purox" type C laboratory container or equivalent. Capacity: 1 liter. Manu-
factured by Linde Company. Approximate cost - $26. 00.

(3) Filling funnel for "Purox" type containers. Manufactured by Linde Company.
Approximate cost - $5. 00

(4) Sketch of plug shown in attached Figure 1.
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APPENDIX III

RMD IMPACT TESTER OPERATING INSTRUCTIONS

(Reproduced from Report No. CMP 91, Reaction
Motors Division, Thiokol Chemical Corporation)

I/



Thiokol Chemical Corporation Report No.: W4P 91
REACTION MOTORS DIVISION

I. DESgRIPTION.

The Reaction Motors Impact Tenter is a convenient laboratory tool for
determining the shock sensitivity of various materials in the presence of
liquefied gases, liquids, or gases. The impact test is a simple mean" of
quantitative determination of the relative sensitivity of materials to
initiation of an explosion. It is not a measure of a fundamental property.
Your impact tester has been determined, on the basis of exhaustive tests,
to provide the most efficient and reliable method of obtaining accurate
and reproducible shock sensitivity data for various propellants as well
as for lubricants, sealants, plastic and elastomeric materials in the
presence of cryogenic or other oxidizing media.

Your Impact Tester (reference Figure 1) is delivered completely assembled.
You need only mount the unit on a concrete pad, plug it in to a 11C volt
AC 60 cycle supply and follow the simple instructions and procedures
described herein to obtain accurate shock sensitivity test data. It
consists of a platform base and die cup support, a guide frame comprising
three precision ground rods, a top support plate, two plummet assemblies
of different weights to permit a greater range of impact force, and an
electrically controlled pluinot release platform. Also included is a
representative sampling of expendable items including 100 each of two
different die cup assemblies for impact testing with different materials
and surrounding media and fifty plastic containers for testing with
cryogenic fluids.

The plummet release platform is free to travel vertically and is secured
at the selected height by a locking knob. Raising or lowering the
platform provides for plummet release from various heights above the
test sample, thus permitting the impact energy of the plummet to be varied
in small increments. A scale extending between the base and the top support
plate is positioned so that the pointer on the plummet platform shows the
height in inches of the plummet striker, above the test sample. A
momentary "on" push button switch is provided which, when depressedp
actuates the solenoid on the plumnet release platform. The energized
solenoid coil-withdraws the spring loaded latch thus permitting the plummet
to fall freely. Friction between the pluwet and the guide rods is minimised
by low friction rings on the plummet bearing surface.

A transparent plexiglass shield is provided and should be placed around
the base of the impact tester so that small fragments released during an
impact explosion will be restricted to the impact area.

i ~-1 -



Thiokol Chemical Corporation Report No.: CMP 91
REACTION MOTORS DIVISION

II. INSTALLATION PROCEDURE

The Impact Touter as delivered is completely assembled. It should be
mounted on a concrete pad to assure minimum defleqtions and energy
absorption of the mounting provisions. A typical concrete mounting pad
is shows below:

24"

8.00 -

A comfortable working height for the toeter can be obtained by providing
a mounting pad height of from 24 to 3D inches. Four 1/2-inch diameter
bolts or studs should be placed in the mounting pad equally spaced on a
bolt circle of 8.00 inches as shown in the above sketch. The bolts should
extend at least 2.25 inches above the top of the mounting pad. In pouring
the concrete pad, provide a top mounting surface which is flat and level.

The Impact Tooter must be truly vertical to ssure acourate and reproducible
test results. Check installation carefully with a level or plumb bob and
shim and grout as required to achieve a true vertical position of the unit.

-2-



Thiokol Chemical Corporation Report No.: CMP 91
REACTION MOTORS DIVISION

Although the •cale is adjusted at the sero height prior to delivery,
it is advisable to check this setting after installation. This is done
by placing any one of the die cup assemblies in the cavity of the die cup
support, am shown on Figure 1. With the plummet retained in the release
platform, lower the platform gradually until the plummet striker contacts
the vented plug of the die cup assembly. The height indicator for this
condition should read sero. If an adjustment is necessary, it is accomplished
by simply loosening the screws which retain the pointer and sliding the
pointer up or down in its slotted holes to the sero setting on the scale.

To remove the die cup support for cloaning, raise the one guide rod which
is not fastened to the top plate. (Note: Chamfored bore in base plate
which distinguishes the loose rod.) Lift the die cup support from the
oaso plate and withdraw sm from the toster. Removal and replacement of
the plummet assembly to increase or reduce impact onergyp as dictated by
drop test patternsp is similarly accomplished. Release the plumet from
the platform and withdraw same past the clearance provided by the raised
guide rod. Lifting of the loose rod can be facilitated by balancing with
a counterweight. A tapped hole is provided in the rod for this purpose.

-3-



Thiokol Chemical Corporation Report No.: CMP 91
REACTION MOTO RS DIVISION

III. OPERATING PROCE1DJR

For general operation of the Impact Tester in an ambient air atmosphere#
the procedure is extremely simple and provides a capability of over 40
impact drope per hour. Subsequent seotions of this instruction bulletin
define the procedures to be employed for impact testing of liquids and/or
solids in the presence of cryogenic and other oxidihing meda. Also oovered
are instructions for calibration of the Impact Tester, conversion of drop
height to impact energy and recognition of a detonation.

The die cup assembly which holds the ample to be tested consists of three
basic parts as follows:

Vented Plug _

Cap -

Bowl

Die Cup

DIE CUP ASSEMBLY

for
Liquid Oxygen Testing

______



Thiokol Chemical Corporation Report No.: CHP 91
REACTION MOTORS DIVISION

Two different die cup assemblies are supplied with the impact tester.
The die cup assembly to be used is dependent upon the material to be
tested and/or the surrounding media. Proper selection of the die cup
assembly is covered under the pertinent heading in these instructions.

Test specimens are sized to occupy * the volume of the die cup bowl.
Liquid samples can be carefully measured with a hypodermic syringe; solid
samples shov'•d be disc-shaped 13/64N in diameter and .010 thick.

With the die cup installed in the recess of the die sup support# place the
sample to be tested in the bowl of the fie cup, cap the die cup making
certain that the die cap is snugly in place, now place the vented plug,
slot down, on top of the die cap. Proper center positioning of the vented
plug is facilitated by the preformed circular depression in the die cap.

The die cup assemblies (-53) and (-54) are expendable items. Do not re-use
any part of the die cup assembly since each piece is distorted during an
impact test whether or not a detonation results. Re-used die cup parts
will not give reproducible test results.

The impact test is then performed by positioning and locking the plummet
release platform with the pltmmet at the desired height read directly on
the scale located to the right of the platform. To release the plummet,
depress the control button and the plummet will drop on the die cup assembly
driving the vented plug into the test sample thus imparting impact energy
to the sample.

At each height a test series of no more than ten trials or drops is performed.
If the sample detonates before the tenth drop, no more trials need be made
at that height. The threshold valve is defined as the point where no
detonation occurs in a test series of ten trials if a single detonation was
observed in a test series at one inch higher.

The fastest method of finding the shock sensitivity is to start with the
plummet at 36 inches high and conduct a series of drop tests. If a deto-
nation occurs within 10 drops, the plummet is then moved down to * the
initial height and the test series is performed again. If no detonation
occurs, the plummet is moved up to * the distance remaining between the
two tests. The plummet is always moved in increments of half the remain-
ing distance, until the distance is one inch. The direction of motion
is always DOWN if a detonation occurs and UP if no detonation occurs.

For example, a drop height of 36 inches is used and the sample detonates.
The second test series is conducted at 18 inches and there is no detonation.
Five more consecutive trials reveal no detonation, but on the seventh
trial at 18 inches a detonation does occur. The next test series is made
at 9 inches and no detonation is obtained. The next test series is con-
ducted at 13 inches where a detonation occurs. The next test series is
performed at 11 inches with no detonation. The final test series is made
at 12 inches with a detonation. The threshold is then defined at 11 inches.
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Thiokol Chemical Corporation Report No.s CMP 91
REACTION MOTORS DIVISION

B. Conversion of Drop Height to Impact Energy

The impact energy imparted to a test sample is dependent upon the weight of
the plummet and is proportional to the height from which the plummet is
dropped. A curve (Figure 2) in included at the end of these instructions
which relates the drop height to the theoretical impact energy in ft/lb per
square inch. The energy values are based on a 2000 gam weight for the
brass plummet and a 500 gram weight for the aluminum plummet. Manufacturing
tolerances permit a weight variation of only ± 0.20 percent for either
plummet. The vented plug which is driven into the teast sample to import
impact energy Le held to a diametral tolerance of + .001 inch. To calculate
the threshold value as impact energy in ft-lbs/sq in for the Reaction Motors
impact tester, the following formulae apply:

(1) E (for brass plumet) - 11.55 x drop height (in.)
(2) E (for aluminum plummet) = 2.89 x drop height (in.)

Dirt particles, chips or other foreign matter between the bearing surfaces of
the die cup support and the base and/or between parts comprising the die
cup assembly will absorb energy on impact and adversely affect test
reproducibility. These parts, therefore, should be carefully inspected
periodically and cleaned with trichlorethylene prior to each series of
tests. The plummet striker and the three vertical rods in the vicinity
of the impact area should be similarly cleaned. Chips from the detonation
should be removed after each test. Your impact tester is cleaned prior to
assembly and packaging for delivery. The expendible die cup assemblies
should be cleaned before use to assure accurate results. In the interest
of accuracy and reproducibility of test results, it is important that
critical components of the impact tester be maintained in a hospital clean
condition. Die cup assemblies are cleaned in high purity trichlorethylene.
The cavity in the die cup and the underside of the cap should be wiped clean
with a cotton swab or Q-Tip after removal from the trichlorethylene and just
prior to use. Parts may be left to soak in the cleaning fluid until ready
for use. However, the parts must be dry. The holes in the vented plugs must
be clear. Before test, ultrasonic cleaning can be used, if available. If
not, the parts can be gently shaken in the cleaning solution,

D. Immact festing Liquid-

To test a liqu.d propellant, oil, or other fluids, use a hypodermic syringe
to establish volume of test fluid required to fill a clean die cup to brim
level. Empty the die cup, clean it thoroughly with triehlorethylane and dry.
Place one-half of the above number of drops in the cup, install the die cap
over the cup and center the vented plug on top of the cap with the slot down.
If the test is to be conducted with room temperature liquids (such " B202 or
acid), the die cup assembly .(-53) with the full aluminum cap should be used.
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Impact testing in a surrounding of liquid or gaseous oxygen or any cryogenic

oxidizer is conducted in the sane manner with the following exceptions:

(1) Use the (-54) die cup assembly with the scalloped die cap.

(2) Having placed the die cup assembly with the prepared sample in
the die cup support, install the plastic container (-12) on the
die cup support as shown on the Impact Tester Assembly (Figure 1).

The plastic container must be used in tests with cryogenic fluids to retain
the liquid oxygen around the die cup assembly. After liquid oxygen is poured
into the container to a level of approximately * inch above the vented plug,
a twenty (20) second cooldown period should be allowed to lapse prior to
dropping the plumiet. Liquid oxygen must be added to maintain the level.
Caution must be taken to use only samples which are more dense than the
liquid oxygen so that the sample does not float.

The anvil should not be allowed to get too cold as this will slow the test-
ing. When the temperature of the anvil approaches liquid oxygen temperature,
the LOX starts to boil so violently that it is almost impossible to retain
enough LOX to properly run the test. When this happens, the anvil should
be removed from the machine and allowed to warm up for 20 - 30 minutes at
room temperature. (CAUTION: DO NOT heat in furnace as this can crack the
anvil). Testing, however, could proceed if a spare anvil were available
during the warm up period.

The scalloped die cap is also to be used in tests involved with a gas which
must be passed over the sample. A special accessory container will be
available shortly for this application.

E. Impact Testing Solids

Solid samples such as plastics, metals, etc., are prepared by filling an
estimated one-half volume of the die cup with the solid material. The
solid sample should be disc-shaped 13/640 in diameter by .010 thick. To
test the sample in liquid oxygen or atmospheres other than ambient air,
place the sample in the die cup, use the scalloped aluminum cap and cen-
ter the vented plug in the cap depression. Follow the normal liquid oxygen
test procedure described in Section D. For shock sensitivity testing in
an atmosphere of hydrogen peroxide or similar room temperature oxidizer,
the sample to placed in the cup and the remainder of the cup is filled with
hydrogen peroxide. The aluminum cap without scallops is used.

F. Calibration

The impact tester should be calibrated periodically to ensure consistency
in test results. Any impact sensitive material may be used as a calibration
sample as long as its properties are consistent from sample to sample,
A mixture of Halocarbon 4-11V oil and Union Carbide UCOI LB-65 oil is used
as a calibration standard. A curve of the Impact threshold values of the
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oil mixture is included in these instructions (Figure 3). A practical
calibration method provides a check on the threshold values in liquid
oxygen at three oil volume ratios of 20%p 50%9, and 70%. Each sample is
measured to about * of the volume necessary to fill the die cup and the
impact test proceeds as described in Section D for testing in a liquid
oxygen atmosphere.

If the Impact threshold values for the calibration oil do not agree with
the curve values, the Impact Tester should be checked for proper installa-
tion or wear, scratches, or particles on any of its parts which may effect
the impact results. Furthermore, the mixture should be prepared Just
prior to use.

The mixture msot be stirred frequently to assure homogenioty, as this may
affect results. Furthermore, there is some small variation in the shock
sensitivity of different batches of fresh calibration fluid.

The accuracy of the machine is ± 11.55 ft-lb/in2 or + one (1) inch of
drop height with the 2 Kg plummet.

As will be seen in Figure 3, the calibration curve is a straight line
between the 20% and 70% points. Because of variations in the oil, the
10% and 80% points are sometimes on the line and other times off the
line. For this reason, the curve is shown as dotted. The plotted
data are shown for the same oil in two different machines* In the
20% to 70% region it was found that to date the oil variations have been
within the accuracy of the machine.

-8-
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IV. RECOGNIZING A INTONATION

Most impact detonations are audibly rooognised and are not confused with
the normal sound of the plumet striking the die cup assembly. However,
wuffled detonations are comn wben the sample is a water bus material#
such as water-based glycols or aloohol. Testing on a bhed day will often
cause similar probliemn when water vapor oollects on the sampl., in the die
cup, or freezes in the liquid oxygen surrounding the sample. If the test
operator Is in doubt whether the impact caused a detonation, he should
inspect the bowl of the die cup for a black residue which is characteristic
of a reaction between test sample and oxidlser, or for otber evidence of
combustion.

S- - --
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APPENDIX IV

RMD IMPACT TESTER EVALUATION AT SwRI
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During the Impact Sensitivity Cooperative Test Program No. 2

meeting, held at SwRI in November 1960, the RMD impact tester was
brought to the attention of the cooperating laboratories. It was decided by
ASD that an evaluation of the tester would be conducted at SwRI with the
cooperation of RMD. It was further agreed that SwRI would use the RMD
impact tester to obtain data for the Impact Sensitivity Cooperative Test
Program No. 3 provided the calibration of the tester, using RMD supplied
calibration fluids, proved satisfactory.

An RMD impact tester was loaned to SwRI by RMD. The tester was
installed on a 16 X 16 X 24 in. concrete pad in the manner recommended in
the operating instructions (see Appendix III) received with the tester.

The test samples used in the calibration tests were mixed from two

base fluids, Halocarbon 4-1IV and UCON 65-LB, which were supplied by
RMD. Three different sample mixtures, 20, 50 and 70 percent by volume
of Halocarbon 4-1 IV, were used. Two series of tests were made on each
of the three mixtures of calibration fluids in strict accordance with the
procedure outlines in Appendix III. The threshold values obtained in these
tests are plotted in Figure 1 in comparison with the accuracy limits specified

by RMD. It will be noted that the threshold values of the three mixtures
were quite varied and that all of the values obtained by SwRI were outside
the specified accuracy limits of the tester.

In the above tests, the vented plug was positioned on the aluminum

cap in such a way that the slot of the plug was facing downward and the
position of the slot relative to the cap was random, in conformance with
Appendix III. However, it was noticed during these tests that the position
of the slot on the vented plug relative to the centerline of the cap appeared
to have some effect on the threshold values. Tests were then conducted to
determine the effect of slot positioning on the threshold values for the dif-
ferent mixtures. Two relative slot positions were used: one parallel to
the centerline of the cap and one perpendicular to the centerline of the cap.
The respective results obtained by using these test configurations are shown
in Figures 2 and 3. These results indicate that the specified limits were not
achieved in either case and that lower threshold values were obtained when
the slot was positioned parallel to the centerline of the cap in comparison
to the case when the slot was positioned perpendicular to the centerline of
the cap.

RMD was consulted about the above situation and advised of the finding
in regard to the effect of the position of the slot on the threshold value of the

sample being tested. A revised test procedure (RMD Specification 7491) was
subsequently forwarded by RMD in which the slot on the vented plug was
specified to be parallel to the centerline of the cap covering the die cups and

an improved vented plug made of a harder material was recommended. Using
this revised test procedure and the recommended vented plug, calibration
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tests on the RMD tester were resumed at SwRI. Results of these tests

are presented in Figure 4. Only one determination on the 20 percent

4-11V was within the limits. Six other determinations (on three different
sample mixtures) were located outside the specified limits.

Further consultation with RMD led to the question of interpretation
of the criteria of reaction. The section related to the definition of a detonation
in Appendix IN reads, "Most impact detonations are audibly recognized and
are not confused with the normal sound of the plummet striking the die cup
assembly. However, muffled detonations are common when the sample is a
water base material... If the test operator is in doubt whether the impact
caused a detonation, he should inspect the bowl of the die cup for a black
residue which is characteristic of a reaction between test sample and oxidizer,
or for other evidence of combustion. " It was learned from RMD that reactions
or detonations were acknowledged only by audible reports in their calibration
tests. Flashes or char marks (black residues) by themselves were not
considered as evidence of detonations without concurrence of audible reports.
The above-quoted definition of a detonation had been interpreted at SwRI
prior to this consultation to mean that an audible report and/or a char mark
was evidence of a detonation. Since the calibration tests conducted pre-
viously were conducted on the basis of this interpretation, eight additional
series of tests were made on the three reference fluids in accordance with
the clarified interpretation of reaction criteria. The threshold values
determined in these eight series of tests are plotted in Figure 5. Again
only one determination was within the accuracy limits, while the other
seven determinations were outside the limits.

In an effort to find the cause of the deviations in the calibration test
results at SwRI, a RMD representative visited SwRI in May 1962 to check
the test procedure used and other related test conditions. Several series of
calibration tests were conducted at SwRI in the presence of the RMD repre-
sentative. The cleaning and test procedures were considered satisfactory
by the RMD representative. However, two suggestions were made by the
RMD representative: (1) It was pointed out that LOX should be added con-
tinuously to maintain the liquid level at 1/4 in. above the vented plug during
the 20-second cooldown period prior to each test drop. (2) With respect to
the definition of a detonation, a reaction should be disregarded if the vented
plug does not strike the center of the die cup, even though a positive audible
detonation is recognized.

Six series of tests were conducted on samples composed of 50, 70
and 80 percent Halocarbon 4-1 IV by the RMD representative and the SwRI
personnel. The results of these tests are presented in Figure 6. These
tests were made at drop heights corresponding to the anticipated threshold
values of the respective samples in order to cut down the required test time.
It will be noted in Figure 6 that although exact threshold values were not
determined in these tests, the potential values were all outside the specified
limits of accuracy.
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Using 100 percent Halocarbon 4-11V as sample, four drop tests

were then made from a drop height of 36 in. and three reactions were

observed. Since Halocarbon 4-1IV is considered by RMD to be quite
insensitive to impact in LOX, this unexpected result suggested the need
for blank tests. Sixteen blank tests were subsequently made from a drop
height of 36 in. and four flashes were observed, one of which was accom-
panied by an audible report.

Recent consultations with RMD indicate that a newly designed die
cup assembly is currently being tested in an effort to eliminate the
problems encountered with the calibration of the tester at SwRI.


